We report distinctly double-peaked Hα and Hβ emission lines in the late-time, nebular-phase spectra ( 200 days) of the otherwise normal at early phases ( 100 days) Type IIP supernova ASASSN-16at (SN 2016X). Such distinctly double-peaked nebular Balmer lines have never been observed in a Type IIP SN. The blue-and red-shifted peaks are separated by ∼ 3 × 10 3 km s −1 and are roughly symmetrically positioned with respect to the host-galaxy rest frame, implying that the inner ejecta are composed of two almost detached blobs. The nebular phase Balmer emission is driven by the radioactive 56 Co decay, so the line-profile bifurcation suggests a strongly bipolar 56 Ni distribution in the ejecta. The red peak progressively weakens relative to the blue peak, and disappears in the 740 days spectrum. This line-ratio evolution can be interpreted by increasing differential extinction due to continuous formation of dust within the envelope, which is also supported by the near-infrared flux excess that develops after ∼ 100 days.
INTRODUCTION
Hydrogen-rich core-collapse SNe (CCSNe), also known as type II SNe, originate from massive stars (M > 8M ) which have retained most of their hydrogen content at the time of the explosion. The amount of hydrogen in the envelope is the main factor responsible for shaping the light curve during the photospheric phase, where SNe with less hydrogen generally decline faster after the peak. Traditionally, SNe II are subdivided into IIP ("plateau") or IIL ("linear") depending on whether the light curves are flat or fast-declining during the photospheric phase. However, with the increasing number of well-observed SNe II, there appears to be a continuum in light-curve properties (see, e.g., Anderson et al. 2014) . The Type II SNe represent a single class of objects, while SNe IIP and IIL are just the extreme ends of the light-curve distribution.
From spectropolarimetry studies, CCSNe ejecta are often found to show a significant degree of asymmetry (see, e.g., the review by Wang & Wheeler 2008) . In the early photospheric phase of SNe II, the inner ejecta is mostly obscured by the thick and extended envelope of ionized hydrogen, which become increasingly transparent as the ejecta expands and the hydrogen recombines. The late-time, "nebular phase" observations are particularly important to unveil the structure of the inner regions once the ejecta becomes optically thin. During the late-time 100 − 150 d light-curve tail, the optical radiation is primarily powered by the decay of radioactive 56 Co (decay product of 56 Ni synthesized in the explosion), and the 56 Ni distribution in the ejecta can be reflected in the nebular Balmer emission line profiles (Chugai 2007) , which can be a powerful probe of the explosion asymmetry. Despite decades of studies and large samples of SNe II, the exact mechanism driving the shock within the SN during the explosion is still under debate (see, e.g., Janka 2012; Pejcha & Thompson 2015; Kushnir & Katz 2015 , and references therein), and nonsphericity and jets are often suspected to be critical to these explosions (e.g., Khokhlov et al. 1999; Janka 2012; Piran et al. 2017; Soker 2018) . Studying the asymmetry of the ejecta, especially the inner region, may provide important clues in understanding the explosion mechanism.
CCSNe maybe an important source of dust in the universe (see, e.g., Gall et al. 2011) . During the nebular phase, as the ejecta cools, the gas may start to condense into dust grains and thereby increase the extinction locally. Dust formation has been observed in several CCSNe (e.g., Sugerman et al. 2006; Meikle et al. 2007; Mattila et al. 2008; Kotak et al. 2009; Meikle et al. 2011; Szalai et al. 2011; Inserra et al. 2011; Stritzinger et al. 2012; Maeda et al. 2013) . The effect of newly formed dust is manifested in the light curves and spectra of the SN. The dust absorbs the light and re-emits in infra-red (IR) resulting in strong IR excess. Substantial dust formation can also lead to asymmetry in nebular emission lines due to differential extinction as the light coming from the far side of the ejecta suffer more extinction.
Here we present detailed observations of the normal type IIP SN ASASSN-16at until its late nebular phase (up to ∼ 900 days). ASASSN-16at shows a unique double-peaked profile in Hα and Hβ nebular emissions, where the relative strengths of the two peaks evolve with time. Such a prominently distinct double-peaked structure in nebular Balmer emission lines are unprecedented for a SN IIP. Huang et al. (2018) studied the NUVoptical light curves and optical spectra of ASASSN16at until the early radioactive decay tail phase, showing key features that are typical for a SN IIP. They also reported that, in their latest spectrum at 142d, the Hα emission profile showed weak asymmetry, for which they suggested three possible interpretations -circumstellar medium (CSM) interaction, asymmetry in the line-emitting region or bipolar 56 Ni distribution. Our still later nebular-phase spectra taken at 200 d show Balmer lines with double-peaked profiles, which most likely suggest the bipolar distribution of the inner ejecta. Our work focuses on the nebular data, while our full photometry and spectroscopic data are given in the Appendix.
OBSERVATIONS
ASASSN-16at was discovered in the host galaxy UGC 08041 by the All-Sky Automated Survey for Supernovae (ASASSN; Shappee et al. 2014) on UT 2016-01-20.59 using the "Brutus" telescope in Haleakala, Hawaii (Bock et al. 2016; Holoien et al. 2017 ). The first ASAS-SN detection was at V = 16.81 ± 0.26 mag on UT 2016-01-19.49 , and the last non detection was V < 18 mag on UT 2016-01-18.35. We adopt the explosion epoch of 2016-01-18.92 (JD 2457406.42) and use this as the reference epoch throughout the paper. The host galaxy distance is 15.2 ± 3.0 Mpc according to Sorce et al. (Tully-Fisher distance; 2014) . We ignore any host-galaxy extinction since we do not detect any Na i D absorption in the SN spectrum, which is consistent with the fairly isolated location of the SN in the outskirts of the host galaxy. We adopt a total line-of-sight reddening entirely due to Milky-Way to be E(B − V ) = 0.019 mag (Schlafly & Finkbeiner 2011) and R V = 3.1.
We obtained near-ultraviolet (NUV) through nearinfrared (NIR) photometry and optical spectroscopy of ASASSN-16at from 0.6d to 881d. The NUV ob- servations were obtained with the Neil-Gehrels-SwiftObservatory UVOT. X-ray observations were also obtained for the first 20d using the Swift XRT and Chandra. Photometric observations were obtained using the ASAS-SN quadruple 14cm "Brutus" telescopes, the 2.0m Liverpool telescope (LT), the Las Cumbres Observatory 1.0m telescope network (Brown et al. 2013) and the 2.6m Nordic Optical Telescope (NOT). Spectroscopic observations were done using the ALFOSC on the 2.6m NOT, the B&C spectrograph on the 1.2m Galileo Telescope, the AFOSC spectrograph on the 1.8m Copernico telescope in Asiago (Italy), SPRAT spectrograph mounted on Liverpool Telescope, the B&C Spectrograph on the 2.5m Irenée du Pont, LDSS on the 6.5m Magellan Baade telescope, LRS on the 3.6m Telescopio Nazionale Galileo (TNG) and the OSIRIS spectrograph on 10.4m Gran Telescopio Canarias (GTC). The photometric results are reported in Table. 2, and logs of the spectroscopic observations are given in Table 3 in the Appendix.
RESULTS
Optical spectra were obtained from 2d to a late nebular phase of 740 d. We find that the early-phase ( 100 d) spectroscopic properties of ASASSN-16at are typical for a normal SNe IIP, in agreement with Huang et al. (2018) . However, the nebular spectra taken at 200 d make this SN IIP exceptional. Fig. 1 shows the nebular phase spectra of 340 the two peaks separated by ∼ 3 × 10 3 km s −1 are positioned almost symmetrically in velocity with respect to the rest frame of the host galaxy. Among the two components, the strength of the red component is seen to be progressively decreasing with time relative to the blue component (see Fig. 2 ). At 740d, the red component is no longer detectable, whereas the blue component of both Hα and Hβ remains visibly strong, albeit narrower and shifted further toward the rest than in the earlier spectra. See Table 1 in the Appendix for the parameters estimated from the Hα and Hβ line profiles. The Hα emission line is detected in all the nebular spectra, while Hβ is not clearly seen in the spectra taken at 340 and 471 days, both of which have a relatively low signal-tonoise ratio. The other nebular lines detectable in these spectra are Na i D (λ5890), O i (λ7774), Ca ii triplets (λλ8498, 8542, 8062) and the strong emission of [Ca ii] (λλ7291, 7324).
The photometric light curves span from 0.6 d to 881 d and shown in Fig. 3 . Huang et al. (2018) presented NUV and optical light curves up to 170d, and our photometric measurements during this period are consistent with their results. The NUV, optical and NIR light curves show the typical evolution of SN IIP, except in the late nebular phase ( 500 d), where the light curve decline more slowly than the typical SNe IIP, especially in g and r bands. The flux contamination from the host galaxy may not be entirely negligible at this very late phase, but our analysis using archival Pan-STARRS1 images (Chambers et al. 2016) suggests the observed flattening is mostly intrinsic to the SN. Fig. 4 shows the 0.3-10 keV X-ray light curve of ASASSN-16at. The first three data points were derived from the Swift observations while the last one was obtained from the Chandra observation on UT 2016-02-06. The X-ray luminosity during the initial phases of 2 − 5 d are about 24 × 10 38 erg s −1 , which is around the typical luminosity for SNe II with X-ray detections (see, e.g. Pooley et al. 2002; Dwarkadas & Gruszko 2012 ever, the luminosity steeply declined to 5×10 38 erg s −1 by ∼ 19 d. An additional intriguing feature of the nebular H i emission seen in ASASSN-16at is the time evolution of its morphology. The red component of the Hα and Hβ emission is seen to be progressively decreasing in strength relative to the blue component. This evolution can be a direct consequence of differential extinction due to late-time dust formation in the inner ejecta. The red component is emitted from regions located on the far side of the ejecta while the blue component is emitted on the near side. Consequently, the redder component suffers more line-of-sight extinction as compared to the bluer component due to the dust formed within the ejecta. As more and more dust is being formed with time, the redder component suffers increased extinction causing it to diminish in relative strength. Ultimately at 740d, the redder component is completely obscured, while the bluer component of Hα and Hβ is still well detected at ∼ −600 km s −1 . The effect of differential extinction due to dust is also consistent with the blue-skewed profiles of the [Ca ii] doublet in nebular spectra as illustrated in Fig. 2 . Because the [Ca ii] emission feature is intrinsically a doublet, it is not straightforward to determine if it has a double-peaked profile. However, it is clear that the peaks of the doublets are shifted blue-ward with respect to the rest frame. The [Ca ii] feature also becomes more skewed from 340d to 471d, consistent with increasing dust extinction. This is similar to what was observed in the [Ca ii] nebular emission of SN 2007od (Inserra et al. 2011) , which was also interpreted as a result of dust extinction in the ejecta.
To further examine dust formation, we investigate the K-band photometry. The top panel of Fig. 5 shows the evolution of the (i − K) color, which becomes significantly redder between 102 d (∼ 1.5 mag) and 735 d (∼ 3.6 mag). Since Hα and Hβ line emissions contribute strongly to the g and r -band fluxes, these bands are not used to evaluate the optical-to-NIR color or to construct the SED. For comparison, we also show the evolution of the (i − K) color of SN 2004dj, which had strong evidence of dust formation in late times from MIR observations (Meikle et al. 2011) . The optical-to-NIR color of ASASSN-16at is significantly redder than that of SN 2004dj at all phases and show similar shifts to redder colors, supporting the late-time dust formation in ASASSN-16at. The SED normalized to i-band (the bottom panel of Fig. 5 ) evolves to peak toward IR, indicating the formation of dust during this period.
The optical light curve (Fig. 3) −1 between ∼ 300 − 500 d. Similar light-curve evolution was seen for SN 2004dj, which had strong evidence of dust formation. On the other hand, the flattening of the very late time (> 500 d) light curves of ASASSN-16at (as mentioned in §3) do not fit well with the proposed dust formation. Although the exact source of the flattening is unclear, it may be explained by additional flux from light echo or from sudden but weak ejecta-CSM interaction. Such flattening in very late time has been observed in SN 2007od (Inserra et al. 2011) . Another unusual aspect of ASASSN-16at is weak emission lines in the late-nebular spectra, especially for [O i] (λλ6300, 6364), which is one of the strongest nebular emission feature for SNe with massive progenitors like SNe II. In some SNe IIn we observe such missing nebular features as the dense CSM obscures most of the emission from the SN, but this does not seem to be the case for ASASSN-16at as we do not see any evidence of dense CSM during its entire evolution, which is discussed further below. One possibility is that the dust diminishes most emission lines from the SN except the strongest H i and Ca ii emissions.
The asymmetry in H i emission line is sometimes attributed to CSM interaction since CSM distributions can be sculpted to produce asymmetric line profiles when CSM interacts with the ejecta. For instance, triplepeaked profile was seen in SN IIL 1996al, which was attributed to interaction with highly asymmetric CSM (e.g., Benetti et al. 2016) or multiple peaks seen in strongly interacting SN IIn 1998S (Pozzo et al. 2004 Fransson et al. 2005) . But in these cases of interacting SNe, there is always a nebular component at the rest frame, which is contributed by the SN ejecta itself. But such a component at rest is absent in the nebular H i profile for ASASSN-16at, thus CSM interaction alone cannot explain the observed double-peaked profile without a bipolar inner ejecta. In addition, the lack of IIn-like features in the early-phase spectra of ASASSN16at suggests the absence of dense CSM, so there is no other conceivable mechanism which can obscure the H i emission from the SN itself, as is generally discussed in cases of SNe IIn. Furthermore, the level of X-ray emissions from ASASSN-16at is typical to normal SNe II (Dwarkadas & Gruszko 2012), suggesting the progenitor does not have a dense CSM but rather has a typical stellar wind from a RSG star with a nominal mass loss rate of ∼ 10 −6 − 10 −7 M yr −1 . As the shock expands, the density becomes too low to produce X-rays or to radiate the X-rays fast enough to compete with adiabatic losses and eventually the X-ray emission fades.
Among the few dozen SNe IIP with nebular phase spectra in the literature (e.g., Maguire et al. 2012; Silverman et al. 2017) , there is no object with distinctly double-peaked nebular Balmer lines as seen in ASASSN16at. Systematic studies will be needed to establish the frequency of such profiles and their correlation with other SN properties. ASASSN-16at demonstrates the importance of late-time observations for SNe II, even for those with rather "normal" properties shown during the photospheric phase.
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APPENDIX

A. ANALYSIS OF DOUBLE-PEAKED FEATURES
The Table 1 lists the parameters estimated for each component of the double peaked nebular emission for Hα and Hβ. We estimated the ratio of peak flux for the Blue to the Red component for each of the emissions. The FWHM and the shifts (from the rest position) for each of the red and blue components were measured by simultaneously fitting two Gaussian profiles after subtracting a local pseudo-continuum. At 340.4d the red component of the Hα emission is irregular in shape and does not represent a Gaussian profile, so the shift is estimated by directly measuring the maximum of the emission peak. For 740.3 d only blue components for both Hα and Hβ are visible, while red components are not detectable to the limits of signal-to-noise-ratio of the spectrum. Therefore, the ratio of peak intensity is given as a rough upper limit by considering the noise from the immediate continuum of the visible emissions.
B. DATA
B.1. Photometry and Spectroscopy
Optical and near infrared photometric images were reduced using standard IRAF tasks and PSF photometry was performed using the daophot package. The PSF radius and sky region were adjusted according to the FWHM of each image. Photometric calibrations were done using catalogs of standard stars available in the SN field. The APASS (DR9; Henden et al. 2016) catalog was used for calibrating B and V band data, SDSS standards were used for u, g, r, i and z band data, and the 2MASS (Skrutskie et al. 2006) catalog was used for calibrating K -band data. No template subtraction has been done for optical or NIR bands, as the SN is still detectable in our latest observations. The Swift/UVOT photometry was measured with the UVOTSOURCE task in the Heasoft package using 5" apertures and placed in the Vega magnitude system, adopting the revised zero points and sensitivity from Breeveld et al. (2011) . UVOT template images were also obtained on 2017-01-10, which is used to subtract the host contamination from SN observations. The photometric data of ASASSN-16at are reported in Table 2 .
Spectroscopic data are reduced and calibrated using standard procedures of IRAF including cosmic-ray removals. Observations of appropriate spectrophotometric standard stars were used to flux-calibrate the spectra. The ALFOSC and AFOSC data were reduced using ALFOSCGUI 1 . The log of spectroscopic observations is given in Table 3 . Only late-nebular spectra are shown in Fig. 1 , while the full spectral sequence is shown in Fig. 6 . The GTC spectrum on 2016-07-13.89 (177d) has saturation in the Hα region, and so the emission peak is clipped in the Figure 
B.2. X-ray
The Swift X-ray telescope (XRT; Burrows et al. 2005 ) was operating in photon counting mode and the data were reduced by the task xrtpipeline version 0.13.1., which is included in the HEASOFT package 6.16. Source counts were selected in a circle with a radius of 25 (10 pixels). The background counts were collected in a nearby circular region with a radius of 247.5 . For all spectra we used the most recent response file swxpc0to12s6 20010101v013.rmf. Due to the small number of counts used in the spectra, the counts were not binned and analysed applying Cash statistics (Cash 1979) . The X-ray spectra were analyzed using XSPEC version 12.8.2 (Arnaud, 1996) .
The Swift fluxes were converted from count rates using WPIMMS by assuming the power law models derived from the combined Swift data as described below. The first data point was derived from the combined data of the first day of Swift observations (2016-January 21, segments 001 and 002), the second from January 22 -25 (segments 005-010), and the last Swift point from the observations on January-17 (segments 11 and 12).
After we detected ASASSN-16at in X-rays with Swift (Grupe et al. 2016), we submitted a short Director's Discretionary Time request of 5ks for Chandra which was approved and executed on 2016-February-06 06:38 for a total of 4963s. We used CIAO version 4.7 and the task chandrarepro to create a corrected event file. Source counts were collected in a circular region with a radius of 1 . Background counts were collected in a nearby source-free circular region with a radius of 10 . Source and Background counts were collected in the 0.5-10 keV band.
The supernova was clearly detected in X-rays by Chandra at a position of RA-2000 = 12 55 15.491±0.91 and Dec-2000 = +00 05 59.63±0.42 . This position coincides with the optical counterpart (RA-2000 = 12 55 15.5, Dec-2000 = +00 05 59.7) reported by (Bock et al. 2016) . A total of 5 counts were detected. This results in a background corrected count rate of 1 × 10 −3 counts s −1 which is equivalent to a flux in the 0.3-10 keV band of 1.7 +0.5 −0.6 10 −14 erg s −1 cm −2 , assuming the power law spectrum with Γ=1.08 as derived from the Swift data (see below).
C. X-RAY SPECTRAL ANALYSIS
Although the number of counts from the Swift observations is low it still allows some limited spectral analysis. As a first step we looked at the hardness ratios that coincided with the detections shown in Figure 4 . We applied the Bayesian method as described in Park et al. (2006) to determine the hardness ratios even with very low number statistics. The hardness ratio is defined as HR = hard−sof t hard+sof t where the soft and hard counts are in the 0.3-1.0 and 1.0-10.0 keV bands, respectively. The hardness ratios from the three detections may suggest some spectral changes. While the first data point appears to be quite hard (HR=0.72 +0.28 −0.22 ), the second data point may suggest a softening of the spectrum (HR=0.01±0.29) followed be a harder spectrum again (HR=0.38
Although the supernova was faint in X-rays and the spectrum may have changed during the observation of the first week, the Swift observations of the first week (January 21-27, segments 001-012) still allow a rough spectral analysis. A total of 25 counts were collected at the source position during this time frame. The absorption column density was fixed to the Galactic value of N H = 1.40 × 10 20 cm −2 (Kalberla et al. 2005) . We first fitted the spectrum with a single power law model which results in an acceptable fit (C-stat 20.3/21 degrees of freedom). The X-ray spectral slope is very flat with a photon index Γ = 1.08 +0.80 −0.76 . We also fitted the spectrum with a blackbody model. The blackbody temperature equivalent energy is 1.34 +2.55 −0.49 keV. Although this model still resulted in an acceptable fit (27.3/21), it is less favorable than the power law model. 
